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Osteoporosis is a widely recognized health problem in postmenopausal women. 
Osteoporotic fractures reduce independency, limit daily living activities, and increase the 
mortality rate. Epidemiological studies have demonstrated that low handgrip strength is 
a risk factor for functional limitations and disabilities, and all-cause mortality. We 
investigated the relationship between handgrip strength and bone mineral density (BMD) 
of the spine, femur neck, and total hip, as well the relationship between handgrip strength 
and previous fragility fractures in 337 healthy postmenopausal Korean women (mean age 
of 59.5 + 6.8 yr) who were free of diseases or medications affecting bone metabolism. 
Age and handgrip strength were associated with BMD of the spine, femur neck, and total 
hip in multiple regression models. Low handgrip strength (odds ratio [OR], 0.925; range, 
0.877 to 0.975; P= 0.004) and low femur neck BMD (OR, 0.019; range, 0.001 to 0.354; 
P= 0.008) were independent predictors of previous fragility fractures in a multiple 
regression model. Our results demonstrate that low handgrip strength is associated with 
low BMD of the spine, femur neck, and total hip, and with increased risk of previous 
fragility fractures. 
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INTRODUCTION 

Osteoporosis is a widely recognized health problem in post- 
menopausal women that is associated with increased mortality 
rates. Osteoporotic fractures reduce independency and limit 
walking performance and daily living activities, thus seriously 
affecting the quality of life in later years. 

The handgrip dynamometer is a simple, easy, and noninva- 
sive tool that measures muscle strength. Handgrip strength is an 
excellent outcome predictor of functionality, nutritional status, 
and mortality in elderly people (1). There are several studies in 
the literature with conflicting results regarding the relationship 
between handgrip strength and bone mineral density (BMD) at 
distal sites, such as the spine and femoral neck, in postmeno- 
pausal women. Some reports demonstrated a positive correla- 
tion between handgrip strength and the femoral neck BMD (2, 
3), while other studies did not show a positive relationship in 
postmenopausal women (4-6). Two reports demonstrated that 
low handgrip strength was a risk factor for developing fractures, 
including incident vertebral fractures (2) and all fragility frac- 
tures (7). 



We investigated the relationship between handgrip strength 
and BMD of the spine, femur neck, and total hip, as well as the 
association between handgrip strength and previous fragility 
fractures in postmenopausal Korean women. 

MATERIALS AND METHODS 

This study was performed from June 2010 to October 2011 in 
Kangwon National University Hospital and involved 337 healthy 
postmenopausal women volunteers who satisfied the inclusion 
criteria. Postmenopausal women over 50 yr of were recruited; 
menopause was defined as the absence of menstruation for at 
least 1 yr. Excluded from this study were women taking gluco- 
corticoids and estrogen for more than the preceding 3 months 
or women with diseases that could affect bone metabolism, such 
as Graves' disease or Cushing syndrome. Hysterectomized wom- 
en and premenopausal bilaterally ovariectomized women were 
also excluded from this study. 

A self-administered questionnaire, interviews, and anthro- 
pometric measurements were used to collect data on lifestyle, 
physical activity, and previous medical and fracture histories. 
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Areal BMD (g/cm 2 ) values were determined in the spine, fem- 
oral neck, and total hip in all subjects using a Lunar Prodigy Vi- 
sion dual-emission X-ray absorptiometry (DXA) system (Lunar 
Corp., Madison, WI, USA). According to the World Health Orga- 
nization definition, osteoporosis was determined as a T-score 

< -2.5 standard deviations (SD) at any site. One investigator per- 
formed all densitometry tests and analyses in all subjects. 

Maximum handgrip strength of the dominant hand was 
measured using the ks-301 electronic hand-held dynamometer 
(Lavisen, Hanam, Korea). Each subject held the dynamometer 
in her dominant hand with the elbow flexed and forearm paral- 
lel to the floor and squeezed the apparatus as hard as possible. 
The best result of two attempts was recorded in kilograms. 

Daily physical activity (walking or cycling) was measured us- 
ing the responses to the questionnaire ("How much time do 
you usually spend walking or on a bicycle outdoors each day?") 
Possible response included none, less than 30 min, 30 min to 
1 hr, or more than 1 hr. 

Statistical analysis 

Pearson correlation coefficients were calculated to analyze the 
relationship between handgrip strength and BMD. Student's 
t-tests were used to compare baseline characteristics between 
women with and without histories of fragility fractures. Linear 
regression was used to investigate the association between hand- 
grip strength and BMD, adjusting for age, body mass index (BMI), 
years after menopause, smoking, and physical activity. A multi- 
ple logistic regression analysis with the stepwise forward meth- 
od was used to evaluate independent variables. The history of 
fragility fractures was set as the dependent variable. P values of 

< 0.05 were considered significant. 

Table 1 . Baseline clinical characteristics of study subjects (n = 337) 



Variables 


Mean + S.D. or No. (%) 


Age (yr) 59.5 + 6.8 


BMI (kg/m 2 ) 


34.6 + 11.3 


Systolic BP (mmHg) 


122.2 + 15.1 


Diastolic BP (mmHg) 


73.2 + 10.3 


Age at menopause (yr) 


50.2 + 4.0 


Years since menopause (yr) 


9.3 + 7.4 


Daily physical activity (%) 

0 (none) 

1 (less than 30 min) 

2 (30-60 min) 

3 ( > 60 min) 


84 (24.9%) 
58 (17.2%) 
119(35.3%) 
76 (22.6%) 


Handgrip strength (kg) 


22.0 + 5.6 


Bone mineral density (g/cm 2 ) by DXA 
BMD spine (g/cm 2 ) 
BMD femoral neck 
BMD total hip 


0.977 + 0.163 
0.641 + 0.105 
0.891 + 0.116 


Total fragility fracture history 
Total fracture history 
Spine fracture history 
Hip fracture history 
Non-vertebral fracture history 


67 (19.9%) 
8 (2.4%) 
1 (0.3%) 

62(18.4%) 



Ethics statement 

This study was approved by the institutional review board of 
Kangwon National University Hospital (IRB number 09-07). 
Written informed consent was obtained from each individual. 

RESULTS 

This study included 337 postmenopausal women with a mean 
age of 59.5 ± 6.8 yr. The subjects' mean BMI was 34.6 ±11.3 kg/ 
m 2 , mean age at menopause was 50.2 ± 4.0 yr old, and there were 
67 (19.9%) women with previous fragility fractures (Table 1). Age 
was a strong influencing factor on handgrip strength (Fig. 1) and 
handgrip strength decreased with age {P < 0.001, Fig. 1). Pear- 
son correlations showed that age, menopausal duration, and 
handgrip strength were associated with BMD of the spine, femur 
neck, and total hip region. 

In a multiple linear regression model, age and handgrip 
strength were associated with BMD of the spine, femur neck, 
and total hip (Table 2). However, age, handgrip strength, smok- 
ing status, and BMI were associated with BMD of the total hip. 
Maximal handgrip strength was weaker in women with a histo- 
ry of fragility fractures compared to women without a fracture 
history (19.8 vs 22.6 kg, P < 0.001). 

There was an association between age, postmenopausal du- 
ration, maximal handgrip strength, spine BMD, femur neck 
BMD, total hip BMD, and the risk of previous fragility total frac- 
tures. 
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Fig. 1. Handgrip strength according to the subjects' age group. Pfor trend was 
< 0.001. 



Table 2. Multiple regression analysis showing the association of bone mineral density 
with handgrip strength after adjustment of covariates 



Site of bone 




Handgrip strength 




P 


P 


Fl 2 


Modified R 2 


Spine total 


0.03 


0.028 


0.092 


0.087 


Femur neck 


0.02 


0.01 


0.210 


0.202 


Total hip 


0.03 


0.02 


0.184 


0.177 



Covariates adjusted for age, postmenopausal duration, body mass index, smoking, 
and physical activity. 
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A multivariate logistic regression analysis with the stepwise 
forward method was performed using age, menopausal dura- 
tion, handgrip strength, and femur neck BMD as independent 
variables, and previous fragility fractures as the dependent vari- 
able. Low handgrip strength (odds ratio [OR], 0.925; range, 0.877 
to 0.975; P = 0.004) and low femur neck BMD (OR, 0.019; range, 
0.001 to 0.354; P = 0.008) were independent predictors of previ- 
ous fragility fractures. However, handgrip strength was not an 
independent risk factor for previous spine fragility fractures in 
the multiple logistic regression models. 

DISCUSSION 

In this study on postmenopausal healthy women, we demon- 
strated that lower handgrip strength of the dominant hand is 
associated with reduced BMD in the spine, femoral neck, and 
total hip. The association could not be explained by differences 
in BMI, levels of activity, age, smoking status, or postmenopaus- 
al duration. 

Conflicting results regarding the relationship between hand- 
grip strength and BMD have been previously reported (2-6). Our 
study of postmenopausal women with a relatively large sample 
size (n = 337) is consistent with the majority of previous studies 
and reinforces the association between handgrip strength and 
BMD in the spine and hip. 

Two prospective studies concerning the association between 
low handgrip strength and fractures (2, 7) have been published 
to date. In a study population of 1,380 women, low handgrip 
strength was shown to be associated with an increased risk of 
incident vertebral fractures, but not with prevalent fractures (2). 
In another study that evaluated 649 healthy postmenopausal 
women, handgrip strength was found to be a risk factor of inci- 
dent fragility fractures (7). 

We showed that low handgrip strength and low BMD are as- 
sociated with increased risk of previous fragility fractures. Be- 
cause the numbers of previous vertebral fractures (n = 8, 2.4%) 
were too small to reach statistical significance, this study failed 
to show an association between handgrip strength and fragility 
vertebral fractures. 

Handgrip strength measurements are a non-invasive, low-cost, 
easy method for characterizing overall muscle strength. Hand- 
grip strength is correlated with muscle function of the lower ex- 
tremities (8) and lower mobility (9) in elderly adults. Handgrip 
strength may show general frailty (10), nutritional status (1, 1 1), 
physical activity (12), functional disability (13), dependency in 
activities of daily living (ADL) and cognitive decline (14), and 
all-cause mortality (15). Epidemiological studies demonstrated 
that low handgrip strength in healthy adults is a risk factor for 
functional limitations and disability in older age as well as for 
all-cause mortality (13, 16). Whereas dominant handgrip strength 
was shown to be associated with BMD in Korean perimeno- 



pausal and postmenopausal women (17), there were no previ- 
ous studies on handgrip strength and fragility fractures in Kore- 
an women. Our multiple regression analysis showed that low 
handgrip strength and low femur neck BMD are risk factors of 
previous fragility fractures, suggesting DXA measurement could 
be coupled with simple handgrip strength measurements to 
predict fractures in postmenopausal women. This study sug- 
gests that strategies for improving muscle strength may provide 
protection against future risk of low BMD and may prevent fra- 
gility fractures in postmenopausal women. 

This study has several limitations to be considered when in- 
terpreting the results. First, this study is a cross-sectional study 
with community dwelling volunteer participants, therefore our 
findings may not apply to the general population of postmeno- 
pausal women. Further, we did not verify the standardized radio- 
graphs to define fractures, relying instead on the interview his- 
tory of fragility fractures. 

In conclusion, low handgrip strength is positively associated 
with low BMD of the spine, femur neck, and total hip, as well as 
with increased risk of previous fragility fractures in postmeno- 
pausal Korean women. 
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